Biocompatible and biodegradable sustained drug delivery system has been constructed from reaction between norfloxacin and cyclodextrin through secondary amine of piperazine ring and hydroxyl group of the carbohydrate. Covalent bond polymeric structure is designed by the help of chloroacetyl chloride, target dendrimer formed by removing two hydrochloride molecules. The development of cyclodextrin core drug delivery system with twenty one norfloxacin surface moiety has been synthesized by only two steps. The synthesized polymeric structure was thoroughly studied by NMR, FT-IR, MALDI and UV-spectrometry. Sustained release assessment of synthetic polymer studied through different buffer solution by UV spectrometry and norfloxacin releases rate of synthetic polymer was controlled by the concentration and the experimental medium. The microbial assessments through kinetic studies by using Escherichia coli also reveal that the norfloxacin released possesses potential antimicrobial activity. Antibacterial activity of synthesized drug delivery system has been investigated with Gram-negative and Gram-positive species like Escherichia coli (mtcc 443), Bacillus subtilis (mtcc 2063), Pseudomonas (mtcc 741), Staphylococcus (mtcc 737) and proteus mirabilis (mtcc 425). The hydrophobic and hydrophilic balance and the repeat drug unit of this synthesized system are responsible for effective antibacterial activity. The minimum inhibitor concentration values of this system are very small to 100 µg/mL -1 , synthesized compound shown five times improved activity against organism on comparism with standard drug. The in-vitro release of norfloxacin from obtained dendrimer was investigated.
INTRODUCTION
β-cyclodextrin and its derivatives are generally used in pharmacology as containers for some medicines owing to their unique property of encapsulating different hydrophobic compounds by formation of the inclusion compounds of guest-host type 1 . Such encapsulation complex the included medicine from bio-decomposition, contributes to increase in its solubility and that is of considerable importance to effective and selective delivery of the medicine to the important place for a short time. However, in the recent past much attention is paid to investigate the covalent binding or conjugation of a medicine to cyclodextrin that allows preparing new medicines with more prolonged and goal directed action. 2 
Cyclodextrin-Assemblies
The three member family of cyclic oligosaccharides called cyclodextrins (CDs) (α-, β-, and γ-CDs), are linked by α-1,4-glucopyranose units (Fig. 1) . Hydrophobic inner cavity and hydrophilic outer surface is important feature in cyclodextrin, the shape resembling like a bridged cone. Cyclodextrin not only used to excellent receptor for molecular recognition, it is extensively used to fashionable building blocks for supramolecular assembly. The exceptional applications of cyclodextrins are due to (i) their soluble ability in aqueous medium (ii) it's action as receptor molecule to a broad variety of guest molecules and (iii) their well-defined molecular structure. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Fig. 1. Molecular structure of α, β and γ-cyclodextrin
Norfloxacin
Norfloxacin, a fluoroquinoline oral anti-biotic is active against pseudomonas aeruginosa and penicillin resistant strain of nisseria gonorrhoea. The drug is less active against Gram-positive cocci. Norfloxacin is inhibiting the subunits of DNA gyrase due to its bactericidal effect, which is essential for DNA replication of bacteria.
Based on the formerly mentioned findings, the important aim of this research is to design sustain drug delivery system with biodegradable artificial polymer with well define shape, monomeric properties and analogues to the protein have been known to literature as dendrimer. Theses synthesized drug delivery system almost in a spherical shape, the diameters normally from 2 to 10nm with excellent novel and sustain drug delivery application system 13, 14 derivatives of norfloxacin for the purpose of improving the antimicrobial performance of norfloxacin and the control drug delivery system construction through covalent bond interaction. β-cyclodextrin is versatile platform to form spherical shape drug released system are architecture through covalent bond interaction between cyclodextrin and norfloxacin. The cells of V. parahaemolyticus have an energy dependent efflux system for drug molecule; they cloned a gene for a putative norfloxacin efflux protein from the chromosomal DNA of V. parahaemolyticus with an Escherichia coli mutant lacking the major multidrug efflux system. Cell based assay methods are important part of the synthetic organic field to evaluate the ability of biological activity. Antibacterial activity of synthesized compound tested against different bacteria or cancer cell and the synthesized compounds are inhibited their growth against sustain drug delivery. In this study, we examined the norfloxacin drug release of synthesized dendrimer by using Staphylococcus aureus (mtcc 737, Gram positive) and Escherichia coli (mtcc-443, Gram negative) microorganism.
RESULTS AND DISCUSSION

Chemistry
The twenty one number of hydroxyl group of narrower end primary (bonded to the C6 atoms) and broadest end secondary (bonded to the C2 and C3 atoms) hydroxyl groups in β-cyclodextrin core play an important role to design this drug delivery system structure. The delivery system with twenty one numbers of norfloxacin molecules in the place of hydroxyl groups as a surface moiety has been synthesized in two steps, in order to improve the activity and its sustained delivery of dendrimeric drug. In the first step, chloroacetyl β-cyclodextrin is synthesized by the reaction in between chloroacetyl chloride and β-cyclodextrin using N-Ethyldiisopropylamine as a catalyst in tetrahydrofuran under refluxing condition. In this reaction, twenty one chloroacetyl chloride moieties are attached to β-cyclodextrin hydroxyl group. Further the norfloxacin and chloroacetyl β-cyclodextrin is mixed in the ratio of 1: 21 to react under the above reaction condition gives the target molecule. In this, exactly twenty one piperazine of norfloxacin molecule react with twenty one chlorine groups of chloroacetyl β-cyclodextrin to form biodegradable norfloxacin dendrimer as the synthetic route is illustrated in Scheme 1.
Chloroacetyl norfloxacin was synthesized by mixing 1:21 ratio of norfloxacin and chloroacetyl chloride (NFLX, donated by Cipla Ltd, Bombay) was dissolved in 25 ml tetrahydrofuran and then added N-Ethyldiisopropylamine. The above mixture was refluxed to 8 h, after completion of the reaction mixture was poured into ice water and the residue was extracted with ethyl acetate (3 x 50 ml). The combined ethyl acetate extracts were washed with water, Chloroacetyl norfloxacin separated as yellow colour fraction under reduced pressure. In the next step, 1:21 ratio of chloroacetyl β-cyclodextrin and norfloxacin react under the reaction condition to give the target molecule with good yield. The β-cyclodextrin suitable core moiety to construction of drug delivery system, it directly connected with twenty one chloroacetyl chloride groups, at the second stage twenty one norfloxacin moiety directly connected with chloroacetyl β-cd through covalent bond. Twenty one hydroxy groups are reacting with equal number of chloroacetyl chloride to form chloroacetyl β-cd by loss of HCl moleculs in the presence of base molecule. Twenty one piperazine of norfloxacin molecule replace with twenty one chlorine groups of chloroacetyl β-cyclodextrin to form norfloxacin moiety contain biodegradable system and the synthetic route of the norfloxacin drug delivery system is as illustrated in the Schemes 1.
ExPERIMENTAL
The synthesized polymeric structure was involved systematically characterization through NMR, FT-IR, MALDI-TOF and UV-spectrometry. The vibrational spectra of the dendrimer were recorded in Agilent carry 630 spectrometry with a globar source, Ge/KBr beam splitter and a MCT detector. Melting points were observed by the open capillary method and are uncorrected. 1 H and 13 C nuclear magnetic resonance (NMR) (400 MHz; CDCl 3 or DMSO) spectra were recorded at 293 K on BRUKER AVANCE III AMX-400 spectrometry operating frequencies of 400 MHz for proton and 100 MHz for carbon using CDCl 3 or DMSO as solvent. 5 mg test sample was dissolved in 0.5 ml of solvent (CDCl 3 , DMSO) to test solution preparation. All NMR Measurements were made on 10 cm NMR tubes and all the chemical shifts values are reported in parts per million scales (δ-scale) downfield from tetramethylsilane. MALDI-TOF mass spectrum was recorded on AB SCIEX TOF/TOF 5800. Sinapic acid was used as a matrix for all experiment. The matrix-samble ratio maintained at 100:1 throughought the experiments.
Synthesis of chloroacetyl β-cyclodextrin and its spectral studies
The newly purchased chemicals are used as it is to synthesis the target molecule. One millimole of β-cyclodextrin dissolved in tetrahydrofurane and adding twenty one millimole of chloroacetyl chloride in presence of triethyl amine. The reaction mixture was refluxed for 4-6 h, after completion of reaction; the reaction mixture was cooled to room temperature and poured into ice water. The final product was extracted with ethyl acetate and the chloroacetyl β-cyclodextrin fraction separated by reduced pressure method. Obtained fraction was used to different characterization and further stages. The IR spectrum of compound 2 in (KBr): acetyl ketone appeard at 1756 cm -1 (γC=O) and 2961cm 
Synthesis of compound 5 (chloroacetyl α-cyclodextrin)
and its spectral studies About 0.0011 mol of α-cyclodextrin dissolved in tetrahydrofuran, to the above solution 2.24 mmol of chloroacetyl chloride and N-Ethyldiisopropylamine were added, the reaction mixture was refluxed for 5-6 h at 70˚C and also the reaction status was monitor by thin layer chromatography. After completion of the reaction, the mixture was poured in ice water and the product (chloroacetyl α-cyclodextrin) separated by low pressure distillation method. Light yellow color semi solid was obtained, before to continue further stages the compound was characterized by IR spectral studies. Presence of carbonyl group stretching frequency at 1739.9 cm -1 confirmed the chloroacetyl group. Absence of -OH stretching frequencies conformed that all the hydroxyl group involved in ester formation, this ester bond formation is very useful to drug released study through hydrolysis reaction in aqueous solution with acidic condition.
Synthesis of compound 6 (norfloxacin based α-cyclodextrin core drug delivery system) and its spectral studies
A mixture of 4.3 mmol chloroacetyl α-cyclodextrin, 2.25 mmol norfloxacine, 25ml dimethyl sulfoxide and catalytic amount of N-Ethyldiisopropylamine was refluxed at 190˚C for 5-6 h, after completion of the reaction the mixture was poured into ice water, filtered and dried. The compounds are characterized using IR, UV, 
Mechanism of solubility
Solubility enhancement is important factor to desire therapeutic effectiveness and concentration of drug is systemic movement for pharmacological response. 17 the solubility of the norfloxacin highly depend the nature of the solvent. It is almost insoluble in water, alcohol like solvents and shows highest solubility (40 mg/mL) at pH 4-5. Earlier reports in the literature also expose that the solubilisation of norfloxacin drug or HCl bounded norfloxacin in quite a few solvents such as methanol, 2-propanol, etc, is difficult at 27°C and also at elevated temperature. 18 Norfloxacin was usually used as an oral treatment for several years. A few previous report are available where norfloxacin is incorporated in various polymer matrices and delivery studies have been carried out. 19, 20 No studies so far have addressed the possi¬bility for the topical application of newly synthesized norfloxacin based system with biocompatible, biodegradable and antibacterial activity.
Synthesized compound absorption strongly depend the solubility, potency and permeability interaction are essential to develop biological potential of novel compounds. Lipinski et al previously reported that from the commercially available drugs, 87% of the drug solubility is greater than 65 µg/mL. 21 They consider that solubility is not likely to limit bioavailability for an orally administered drug with a dose of 1 mg/kg, 65 µg/ml solubility are require to average drug permeability, but bioavailability is limited to solubility is less than 20 µg/mL. 22 According to FDA, the aqueous solubility of drug is consider low, their aqueous solubility in 250 mL of pH 1-7.5 aqueous solution is less than the amount contain in a tablet or capsule with the over dosage. Also, according to Biopharmaceutical Classification System (BCS) guidelines, this defines four classes of compounds based on both solubility and choosing permeability.
The discharge rate of norfloxacin from constructed dendrimer structure was determined by using absorption spectrometry. Effect of pH and concentration bring significant change in properties, and indeed, drug solubility and the solubility improvement of a drug increases the odds of successful formulations later in development. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Therefore screening and determining aqueous solubility is one of the most essential steps in drug detection and progress.
A class drugs (solubility 100 µg/mL, high permeability) would greatly improve the bioavailability of the compound. 33 The assays and their focal point differ with various phase. It was illustrated with fluoroquinolones drug piperazine ring secondary amine group involved chemical modification. The synthesized polymeric structure of norfloxacin system maintain comparable properties of the parent fluoroquinone, without necessitate of intracellular cleavage and discharge of antibiotic.
The polymeric structures of norfloxacin dendrimer solubility differ with different pH solvent and it is very less soluble in neutral pH water and alcohol. We can use various buffer solutions to find out solubility purpose. If we are decreasing the range of pH from 7 to 1 drug solubility is found to increasing and this is corresponds to the hydrochloride form of norfloxacin. Buffer solutions were prepared from 0.1m HCl with 0.1m sodium bicarbonate solution and the pH value are adjusted with hydrochloric acid (HCl).
Drug release studies of compound 3 and 6
Drug release from the designed system is determined by UV spectrometry with different pH solution and found to give different intensity of the drug concentration. Different pH solution prepared such as pH1, pH2 pH3, pH4, pH6 and pH7 by the adjustment of stock solutions, pH1 buffer solution give higher absorption intensity due to increasing drug release with respect to the increasing acidity.
The microbiological evaluation shows that the discharge of norfloxacin possesses antimicrobial activity. The drug-delivery behaviour of the system was studied to expose the potential use as a drug liberation system. The outcome shows that the norfloxacin release rates of the β-CD + NOR complex could be controlled by the drug loading substance and the liberate medium. Representative examples for amphiphilic drug delivery system as nanocarriers based cyclodextrin are cyclodextrin conjugate, cyclodextrin inclusion complex and pseudopolyrotaxane. Hydrolysis studies were carried out to assess the norfloxacin release from macrocycle β-cyclodextrin under diverse conditions. The in vitro drug release study was investigated by incubation in buffer solution of pH 1, 2, 3, 4, 6 and 7, an indicator of this is in the lower pH of higher efficiency compared to neutral pH value (7) . The release rate is highly dependent of the ester segment in the drug delivery system against the pH of the medium. Kinetics and mechanistic studies of the biodegradation of polyester is still under investigation and we intend to present and to discuss those findings in a future report. Hydrolysis studies were carried out to evaluate the norfloxacin liberate from the macromolecule in different pH conditions. The collective % of linked drug discharge from the system is revealed in Fig. 2 . The delivery system undergoes faster norfloxacin release at lower pH with respect to time. At pH-7, only 20% of drug was released in 14 h and about 50-60% drug was released in 14 h at pH-4 and 6. However, the drug released at PH -1 in 14 h is about 98%. The hydrolysis of drug at lower pH is rapid and drug release also very fast. The hydrolytic degradation of the drug candidate may also taking place by the cleavage of amide linkage. The above results showed that the drug release is very high at the gastric fluid pH (1.5) in controlled manner. The amount of released norfloxacin from the system was determined by uv spectra at 280 nm, found to result a standard curve by plotting concentration versus absorption ( Figure 3) .
Fig. 4. Cumulative% release of norfloxacin from compound 3 (β-cyclodextrin core drug
As expected, the sustained drug delivery of synthesized polymer structure directly related to solubility and in the pH 1 buffer solution gives higher absorption intensity due to increasing drug solubility. Within 14 h the quantity of drug fully functionalized. The uv spectrum conformed that β-cyclodextrin drug delivery system have more difference between pH1 and pH 7 than α-cyclodextrin. β-cyclodextrin drug delivery system is increasing drug delivery on decreasing pH order and the β-cyclodextrin is more convenient to be as good sustain drug delivery system than α-cyclodextrin.
In vitro antibacterial studies
The anti microbiological studies are measure of relative potency and activity of compounds against microorganism under suitable condition. Two different methods are adopted to screen the above assay via disc diffusion and two-fold serial dilution.
Preparation of media
Growth of the microorganisms depends on favourable environment. Nutrient broth was used to significant cultivation of given microorganism. Agar liquid was prepared from by adding 24% w/v agar in the nutrient broth for making agar slants. Media is a nutritional requirement and then supplies the essential nutrients in the proper form and proportion in a culture media. Bacteria were subculture from suitable nutrient slants. The inoculams was prepared by transferring loopful of the related test organism from the stock bacteria culture into the sterile broth and incubated at 37 o C for bacteria species such as Staphylococcus aureus (mtcc 737), Bacillus subtilis (mtcc 2063), Escherichia coli (mtcc-443), Pseudomonas aeruginosa (mtcc 741) and Proteus mirabilis (mtcc425). Each petri dish plats contain 20 mL of sterile nutrient agar media and added 2 mL of 24 h broth culture if bacteria were, then added to the relevant plates and mixed carefully by rotatory motion of the plates. The synthesized dendrimers were dissolved in DMSO media in the concentration of 10 mg/mL and this was maintained as stock solution. The various concentrations (100, 200 and 500 ppm) has been prepared from the stock solution. A sterile paper disk of 5 mm diameter was saturated with agar plates. The Petri dish plate were incubated with 37 o C and the zone of inhibition was calculated excluding the disc diameter of the paper discs (5 mm) control discs were performed with sterile water.
Anti bacterial activity
The norfloxacin surface moiety biological ability was investigated through their in vitro About 20 ml of liquid agar media freshly prepared and poured into each petridish plate and this plate keep in incubater at 37 o C for 1hrs, after 1hrs dried and the microorganism was added to each petridish plate. An L-shaped spreader was used to spread the standardized culture of microorganism on each petridish. Cups size approximately 6 mm diameter cupe were prepared in petridish using sterile cork borer and then labelled. DMSO solvent negative control is also to see the effect of solvent on the growth of the microbes. Dimethylsulfoxide solvent is used to prepare the test solution and standard ciprofloxacin solution (100 µg/mL). The prepared test solution is added to each cup in petridish plate and kept aside in an asidein an aseptic area for 1 h to allow diffusion of the drug sample followed by incubation at 37 o C for 24 hour. The zone of inhibition diameter (in mm) was measured and the results are given the Table 2 . Broth dilution method was investigated to evaluate the MIC of selected compounds that inhibited growth of at least one microorganism as per the standard procedure. 34 drug delivery system with twenty one norfloxacin molecule as a outside moiety and also screened for their in vitro antibacterial activity against six strains (three Gram-positive and three Gram-negative). The zone of inhibitions of the synthesized system 3 is higher than that of ciprofloxacine against different bacteria specieses. Similarly the Escherichia coli zones of inhibition values are very high compared with other bacterias. The zone of inhibition values are given in Fig. 2 . The remaining bacterial organism's zone of inhibition values are shown in the Table 2 . The final synthesized system 3 showed significant activity against Staphylococcus aureus (mtcc 737), Vibrio cholera (mtcc-3906), Bacillus subtilis (mtcc 2063) (Gram-positive) and Escherichia coli (mtcc-443), Klebsiella pneumonia, Salmonella typhi (Gram-negative). The compound 3 was found the excellent antibacterial activity against total tested organisms. Fig.5 show that the minimum inhibition properties are at low concentration of 0.830 µg/mL -1 against staphylococcus aureus, at 0.950 µg/mL -1 vibreo cholera, at 1.050 µg/mL -1 against Bacillus subtilis, at 0.925 µg/mL -1 against Escherichia coli, at 0.975 µg/mL -1 against Klebsiella pneumonia and at 1.090 µg/mL -1 against Salmonella typhi due to this dendrimer's twenty one molecules of norfloxacin drug. The MIC values are given in Table 3 . It is obvious that the inhibitory effects of the compound 3 more potent than the standard.
Victorious foreword of biologically applicable piperazine ring in some of our previous cases act as important core moiety to produced the higher generation dendrimer through the bond formation between norfloxacin and macromolecule. 35 Here with, we focus on norfloxacin piperazin ring bonded novel drug delivery system synthesis, β-cyclodextrin were added into each tubes. Absorbance was measured in a microplate reader at 560 nm.
DISCUSSION
Antibacterial activity of norfloxacin measured by MTT assay in E.Coli cells (Table 4 and Fig. 6) show the cytotoxic effect of various concentrations (5, 15, 25, 50, 75 and 100 µl) of norfloxacin drug delivery system in E. coli cells. Among the four different time duration, 72 h of norfloxacin dendrimer showed a maximum antibacterial activity when compared to others in E.coli cells. The IC 50 value was found to be 75 µL concentrations. (Table  5 and Fig. 7) . It has been noticed that the 72 and 48 hrs showed a maximum cytotoxicity against staphylococcus aureus. The IC 50 value of norfloxacin was found to be 50 and 100 µL concentrations. 36, 37 were previously reported that the antibacterial activities of some compound. Antibacterial agent tested with various microorganisms such as Salmonella. typhimurium, Staphylococcus aurous and Bacillus cereus in a food model system and in brain heart infusion (BHI) broth.
The current study was illustrating the long time biological efficiency of newly synthesized dendrimer by MTT assay technique. Viable cell percentage changes with respect to different time duration against various concentrations. This result conforms that the sustain delivery of norfloxacin from system. E coli cell viability calculated after incubation with dendrimer for 12, 24, 48 and 72 h and the data are given Table 7 . These results reveal that the α-cyclodextrin core drug delivery system hasn't long term activity due to sudden releases of drug unit. Values are expressed as the mean ± SD of three experiments in each group (Table 8) , from this results α-cyclodextrin core system only active up to 24 h so α-cyclodextrin not convenient to design as sustain drug delivery systems. Values are expressed as the mean ± SD of three experiments in each group 
CONCLUSION
The synthesised β-cyclodextrin core drug delivery system have long time activity due to their sustain releases of norfloxacin unit is identified by MTT assay method and the results proved that the drug delivery system reduced the cell viability of Escherichia coli and Staphylococcus aureus species. The synthesized β-cyclodextrin core drug delivery system long time activity against both the species is found to slowly reduce the living cells from 12 to 72 hours. The α-cyclodextrin core released drug activity against both cells is reduced the cell viability from 12 to 24 h after that cell viabilities are increased from 24 to 72 hours. From this result the β-cyclodextrin core system act as very good sustain drug delivery system and also it is more convenient to design.
